Effects of L-carnitine and its acetate and propionate esters on the molecular dynamics of human erythrocyte membrane.
EPR and fluorescence probes were used in this study to define the effects of L-carnitine and its short-chain esters, acetyl-L-carnitine and propionyl-L-carnitine, on the natural fluidity gradient and molecular packing of phospholipid headgroups of erythrocyte membrane in intact cells. Purified erythrocyte suspensions, labeled with different stearic acid derivatives containing a stable doxyl radical ring at the C-5, C-7, C-12 and C-16, were incubated with 0.5-5 mM L-carnitine and its esters for 60 min at 37 degrees C and washed twice with an isosmotic buffer. A decrease in the order parameter, calculated from the EPR spectra of the 5-doxylstearic acid derivative, was observed at all the concentrations of propionyl-L-carnitine and the extent of the decrease was dose and temperature dependent. An increase of the chain length between the doxyl ring and the carboxylic group of the spin label, resulted in a much lower efficacy of propionyl-L-carnitine in decreasing the order parameter. Acetyl-L-carnitine also showed a significant effect of decreasing the molecular order but only at the lower temperatures of red cells labeled with 5-doxyl and treated with the highest concentration of the drug. L-Carnitine did not modify the molecular dynamics at all the temperatures and concentrations used in this study. L-Carnitine and its short-chain derivatives did not alter significantly membrane fluidity of deeper regions of the erythrocyte membrane, measured by means of the excimer/monomer fluorescence intensity ratio of pyrene incorporated into the membrane of intact erythrocytes. However, these compounds were all capable of loosening the molecular packing of the polar head of erythrocyte membrane phospholipids evaluated by the membrane binding fluorescence properties of merocyanine-540. The binding of the fluorescent probe decreased in the order propionyl-L-carnitine > acetyl-L-carnitine > L-carnitine. Our findings suggest that this category of compounds affect the molecular dynamics of a membrane bilayer region close to the glycerol backbone of phospholipids, which might be relevant for the expression of membrane functions.